ments in locoregional control and survival were demonstrated with PMRT in a trial involving postmenopausal node-positive patients who received tamoxifen. 7 The results of these 3 trials have sparked considerable debate and prompted the publication of a number of editorials, consensus statements and treatment guidelines addressing the role of PMRT in breast cancer management.
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Methods
This guideline is based on a review of all meta-analyses, consensus statements and other treatment guidelines published between 1966 and November 2002. Searches of MEDLINE and CANCERLIT for English-language randomized controlled trials published between 1995 and November 2002 were also conducted to supplement the literature previously reviewed by the American Society of Clinical Oncology (ASCO) Health Services Research Committee panel in its published guideline. 10 Search terms included the following: "breast," "breast neoplasms," "mastectomy," "radiotherapy" and "locoregional radiotherapy." A nonsystematic review of the literature was continued through June 2003. Additional data were identified by reviewing references in review papers, textbooks, other guidelines and consensus statements.
The outcomes evaluated were locoregional control, diseasefree survival, overall survival and treatment-related toxicities.
The quality of the evidence on which recommendations are based was categorized into 5 levels. 17 The iterative process used to develop this guideline has been described previously. 18 An initial draft of this guideline was reviewed by members of the Steering Committee for Clinical Practice Guidelines for the Care and Treatment of Breast Cancer. A subsequent draft was sent to 11 expert oncologists across Canada for their feedback. The final document was approved by the steering committee.
Our method of performing a systematic review and ranking available evidence resulted in recommendations similar to those of ASCO. 10 A distinction between the present guideline and the ASCO guideline is the difference in emphasis on subgroups. We considered subgroup data whenever it was available. However, in contrast to the ASCO process, we focused less on results from small subgroups, since definitive recommendations cannot be based on such data. We placed more weight on the generalizability of results of available data and presented the information regarding these trials in the context of modern clinical settings. The ASCO guideline was published in 2001; hence, our guideline is based on more up-to-date data.
Our guideline is much more comprehensive than the 1-page consensus statement by Harris and colleagues. 13 We describe trial data in detail, and the rationale behind our recommendations is explicit. Finally, our process aimed to establish consensus among Canadian oncologists and thus achieve "Canadian ownership," an important step to enhance the likelihood of guideline adoption and implementation.
Evidence for post-mastectomy radiotherapy
Meta-analyses and RCTs of locoregional PMRT have consistently demonstrated that PMRT reduces the risk of locoregional failure to the chest wall and regional lymphatic drainage sites, including the ipsilateral axillary, supraclavicular and infraclavicular and internal mammary nodes by approximately two-thirds (level I evidence). [1] [2] [3] [4] [5] [6] [7] 10, 19 The effects of PMRT on breast-cancer-specific and overall survival have been less clear. An overview analysis of 8 RCTs, conducted before the era of adjuvant systemic therapy, in which 7941 women were randomly allocated to receive adjuvant PMRT or observation after simple or radical mastectomy reported no differences in survival in the first 10 years of follow-up. 1 Beyond 10 years, a significant excess of deaths due to cardiovascular causes was observed among patients in the PMRT group, but this was counterbalanced by a reduction of deaths due to breast cancer. 1 A re-analysis revealed no significant differences in overall mortality with longer follow-up. 2 Two meta-analyses from the Early Breast Cancer Trialists' Collaborative Group (EBCTCG) of RCTs that compared local therapies in 20 000 women with early breast cancer demonstrated that radiotherapy provided improved locoregional control but showed no improvement in overall survival compared with surgery alone. 3, 4 Radiotherapy reduced the risk of locoregional failure at 10 years of followup (27.2% v. 8.8%, 2p < 0.00001) and at 20 years of followup (30.1% v. 10.4%, 2p < 0.00001). 4 Significant differences in overall survival with the use of radiotherapy were not demonstrated at the 10-year follow-up (54.5% in the control group and 56.6% in the radiotherapy group) or at the 20-year follow-up (35.9% in the control group and 37.1% in the radiotherapy group, 2p = 0.06). 4 However, at 20 years, radiotherapy was associated with significant reductions in deaths related to breast cancer, which were offset by increases in deaths from other causes, 4 especially vascular causes (death rate ratio 1.30, p = 0.0007) (level I evidence). 3, 4 Difficulties arise when attempting to interpret the results of the 2 EBCTCG overviews in the context of modern oncologic practice. The overviews combined studies that used diverse surgical treatments (including breast-conserving surgery, simple mastectomy, modified radical mastectomy and radical mastectomy), systemic therapies (many trials used no systemic therapy) and radiotherapy techniques and doses (several trials did not include the chest wall; some trials delivered high doses to the heart when treating the internal mammary nodes; and several older trials used orthovoltage equipment and low doses of radiotherapy). Applying the results of these overviews to form the basis for current treatment guidelines for PMRT in modern practice is thus problematic.
A meta-analysis restricted to patients receiving systemic therapy included data from 18 RCTs published between 1967 and 1999. 19 The majority of the trials included pre-and postmenopausal women with node-positive disease who underwent modified radical mastectomy. [5] [6] [7] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] The adjuvant chemotherapy regimen most commonly used was cyclophosphamide, methotrexate and fluorouracil (CMF). The median duration of follow-up was 7.5-14.5 years. In this meta-analysis, locoregional radiotherapy reduced the risks of any recurrence (odds ratio [OR] 19 The ASCO guideline, published in March 2001, examined 18 randomized trials that compared systemic therapy plus PMRT with systemic therapy alone in over 6300 patients. 10 The British Columbia and Danish trials provide the strongest evidence from individual trials that PMRT improves diseasefree survival and overall survival (level I evidence). [5] [6] [7] The British Columbia trial compared PMRT and CMF chemotherapy with CMF chemotherapy alone in premenopausal women with node-positive breast cancer. 6 It showed a 56% reduction in locoregional failure (relative risk [RR] 0.44, 95% CI 0.26-0.77, p = 0.003), a 29% reduction in breast cancer mortality (RR 0.71, 95% CI 0.51-0.99, p = 0.05) and a 26% reduction in overall mortality (RR 0.74, 95% CI 0.53-1.02, p = 0.07) at 15 years. The update of this trial reported a 30% reduction in overall mortality (RR 0.70, p = 0.02). 38 The Danish 82b study compared PMRT and CMF chemotherapy with the same chemotherapy alone in premenopausal patients. 5 It reported reductions in locoregional failure (9% v. 32%, p < 0.001) and improved 10-year diseasefree survival (48% v. 34%, p < 0.001) and overall survival (54% v. 45%, p < 0.001) with the use of PMRT. The Danish 82c study compared PMRT and tamoxifen with tamoxifen alone in postmenopausal patients. 7 It similarly reported reductions in locoregional failure (8% v. 35%, p < 0.001), and improved disease-free survival (36% v. 24%, p < 0.001) and overall survival (45% v. 36%, p = 0.03) with PMRT.
In summary, RCTs and meta-analyses have consistently demonstrated that PMRT improves locoregional control in women with node-positive breast cancer (level I evidence). The impact of PMRT on survival is less clearly defined. Although the data pertaining to survival with PMRT are less consistent than those pertaining to locoregional control with PMRT, 3 large trials [5] [6] [7] and a meta-analysis 19 have demonstrated that PMRT improves disease-free and overall survival among women treated with systemic therapy (level I evidence). This survival benefit supports the hypothesis that, among women with breast cancer at high risk of locoregional recurrence, systemic therapy reduces distant micrometastasis and thus allows the effects of PMRT in reducing locoregional tumour burden to enhance disease control and survival. [5] [6] [7] 11, 19 Limitations of the evidence Before the publication of the British Columbia trial and the 2 Danish trials in 1997, PMRT practice across Canada varied from no locoregional radiation to radiation for selected subgroups of patients. The results of these 3 trials prompted many radiation oncologists to re-examine their practices, and much discussion ensued.
One of the issues that has been raised is the generalizability of these trials to current clinical practice. Some have felt that the rate of locoregional failure in all 3 trials was substantially higher than that currently observed. 12, [39] [40] [41] The high risk of local failure has been attributed to the limited axillary dissection performed (median number of axillary nodes removed was 7 in the Danish trials and 11 in the British Columbia trial). As well, in the Danish 82c trial, 1 year of tamoxifen therapy was used, as opposed to the current standard of 5 years of tamoxifen therapy. In the Danish 82b trial and the British Columbia trial, CMF chemotherapy was used, 5, 6 as opposed to anthracycline chemotherapy currently in common use. 42 A potential limitation of PMRT is long-term toxicity, particularly cardiotoxicity, a risk that may be increased with the use of radiotherapy in conjunction with chemotherapy regimens including anthracyclines and taxanes. [43] [44] [45] [46] The potential detrimental late effects of combined PMRT and these systemic therapy agents remain unknown.
Consequently, many oncologists are concerned that the additional survival benefits afforded by PMRT in patients treated with modern surgical techniques and adjuvant systemic therapy are unclear and currently reserve PMRT for patients deemed at highest risk of locoregional recurrence on the basis of an advanced primary tumour or 4 or more positive axillary nodes. These patients are most likely to benefit from the prevention of locoregional recurrence. Accordingly, the risk of long-term toxicity is outweighed by the avoidance of recurrence and the potential for improved survival.
Recommendations (including evidence and rationale)
• Locoregional PMRT is recommended for women with an advanced primary tumour (tumour size 5 cm or greater, or tumour invasion of the skin, pectoral muscle or chest wall).
• Locoregional PMRT is recommended for women with 4 or more positive axillary lymph nodes.
• The role of PMRT in women with 1 to 3 positive axillary lymph nodes is unclear. These women should be offered the opportunity to participate in clinical trials of PMRT.
In the Danish 82b study involving premenopausal women receiving CMF chemotherapy, among the 234 patients who had a tumour greater than 5 cm in diameter, PMRT was associated with a reduction in the locoregional failure rate (12% v. 42%) and an improved 10-year overall survival rate (40% v. 33%) (level II evidence, p value not stated). 5 In the Danish 82c study involving postmenopausal patients receiving tamoxifen, among patients who had a tumour greater than 5 cm in diameter (n = 161), deep fascia invasion (n = 206) or skin invasion (n = 189), the addition of PMRT reduced locoregional failure rates from 34% to 10%, 45% to 6% and 34% to 8% respectively (level II evidence, p value not stated). 7 The meta-analyses of PMRT did not report results by Locoregional post-mastectomy radiotherapy nodal subgroup. The evidence for determining patients at highest risk of locoregional recurrence is therefore based on subgroup analyses of individual randomized trials of PMRT and on multivariate analyses of patients enrolled in prospective cohort studies. Table 1 summarizes results for locoregional failure and overall survival by nodal status in 6 randomized trials. In terms of locoregional failure, all trials showed a trend in favour of PMRT in all subgroups according to nodal status. In both the British Columbia trial 38 and the Dana Farber trial, 28 there was a statistically significant difference in locoregional failure rates reported among women with 4 or more positive nodes. In terms of overall survival, the Glasgow trial 29 reported statistically significant improvement with PMRT (p = 0.01). Most other studies that performed statistical analyses within nodal subgroups suggested that PMRT was associated with nonsignificant trends toward improved overall survival. [5] [6] [7] 30, 38 Only 1 trial reported an opposite trend of reduced overall survival with PMRT. 28 Analyses of cohorts of patients in randomized trials also support the notion that the presence of 4 or more positive nodes with a tumour is associated with a substantial risk of locoregional failure. Katz and colleagues 39, 40 reported on 1031 patients who participated in 5 trials of anthracycline chemotherapy at the M.D. Anderson Cancer Center. The median follow-up was 116 months. On multivariate analysis, the presence of 4 or more involved axillary nodes, a tumour greater than 5 cm in diameter, close or positive surgical margins and gross multicentric disease were found to be independent predictors of locoregional failure (all p < 0.01). 40 Recht and colleagues 41 reported on 2016 patients in 4 randomized trials conducted by the Eastern Clinical Oncology Group. The median follow-up was 12.1 years. Patients were treated with a variety of systemic regimens, including CMF, CMF plus prednisone and tamoxifen, and anthracycline-based regimens. Tamoxifen was often given for longer than 1 year. Multivariate analysis showed that increasing tumour size, increasing numbers of involved nodes, negative estrogen receptor status, and decreasing number of nodes examined were independent predictors of locoregional failure. The risk of locoregional failure with or without simultaneous distant failure at 10 years was 12.9% among patients with 1 to 3 positive nodes and 28.7% among patients with 4 or more positive nodes.
Because of the inconsistencies in the available evidence, the role of PMRT in women with 1 to 3 positive axillary lymph nodes is currently undefined. The proportional reduction by about two-thirds in the locoregional failure rates associated with PMRT is likely of a similar magnitude among women with 1 to 3 positive nodes as it is among women with 4 or more involved nodes. [5] [6] [7] However, the absolute magnitude of reduction would be smaller among women with 1 to 3 involved nodes, since the baseline risk of locoregional failure is lower in this subgroup. Women with 1 to 3 positive axillary nodes should be offered the opportunity to participate in clinical trials designed to study the effects of locoregional radiotherapy. The National Cancer Institute of Canada Clinical Trials Group (NCIC CTG) MA25 study, which randomly assigned patients with 1 to 3 positive nodes to receive either locoregional radiotherapy or no radiotherapy after mastectomy, was closed because of lack of accrual. Thus, it is unlikely that data from a randomized trial will be available to directly address the question of PMRT in women with 1 to 3 positive nodes. In the NCIC CTG MA20 study currently underway, women who have undergone breast-conserving surgery and who have nodepositive disease or have node-negative disease and are at high risk of systemic recurrence are randomly allocated to receive standard breast radiotherapy versus locoregional radiotherapy. This study, which stratifies patients according to the number of involved nodes, may provide additional evidence on the role of locoregional radiotherapy in the subgroup of women with 1 to 3 positive nodes.
• Locoregional PMRT is generally not recommended for women who have tumours that are less than 5 cm in diameter and who have negative axillary nodes.
In the older meta-analyses of trials of PMRT that included women who had tumours less than 5 cm in diameter and who had node-negative disease, the small absolute improvement in local disease control with PMRT was outweighed by significantly increased risks of vascular-related deaths. 1, 2 In the EBCTCG meta-analysis, although PMRT reduced locoregional failure rates among patients who had node-negative disease, the baseline risk of locoregional failure was relatively low even without PMRT (2.7% with PMRT v. 9.2% without PMRT, 2p < 0.00001). 4 The 25-year update of the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-04 study provided additional data on the risk of locoregional failure among women who had node-negative disease treated with mastectomy alone. 47, 48 In this study, women who had clinically node-negative disease were randomly allocated to receive radical mastectomy alone, total mastectomy without axillary dissection but with PMRT, or total mastectomy with subsequent axillary dissection if the nodes became positive. At 25 years, 5% of the patients in the radical mastectomy group experienced local recurrence, as compared with 7% of those in the total mastectomy group and 1% in the total mastectomy plus PMRT group. The corresponding data for regional recurrence were 4%, 6% and 4%. When the cumulative incidence of local or regional recurrence was compared between the 3 treatment groups, the p value was 0.002. Although PMRT reduced the local and regional failure rates, the absolute improvements were small and there was no survival benefit (level I evidence). 48 Based on the low baseline risk of locoregional failure and the small absolute improvement in locoregional control with the addition of PMRT for small tumours and node-negative disease, contemporary trials of PMRT, [5] [6] [7] including the NCIC CTG MA20 trial, have not included women with these low-risk characteristics.
• Other patient, tumour and treatment characteristics, including age, histologic grade, lymphovascular invasion, hormone receptor status, number of axillary nodes removed, axillary extracapsular extension and surgical margin status, may affect locoregional control, but their use in specifying additional indications for PMRT is currently unclear. 40, [54] [55] [56] (level V evidence). The evidence for axillary dissection has been reviewed in detail in a previous guideline. 57 Although there is consensus that level I and II nodes (located lateral to and deep to the pectoralis minor muscle) should be removed for accurate staging and to reduce the risk of axillary recurrence, there is less agreement on the number of nodes that must be removed. 57 In the NSABP B-04 study, the qualitative nodal status (negative versus positive) can be estimated accurately with the removal of 3 to5 nodes. 47 However, the estimate of quantitative nodal status (1 to 3 positive nodes versus 4 or more) is more reliable when at least 10 nodes are removed (level III evidence). 47, 49, 57 With respect to axillary recurrence according to number of nodes removed, in the NSABP B-04 study radical mastectomy with axillary dissection resulted in axillary recurrence rates of 3% among patients who had node-positive disease (level I evidence). 47 However, in the Danish trials, the higher rates of locoregional failure among patients who had 1 to3 positive nodes have been attributed to more limited axillary surgery. 5, 7 Considering the lack of consistency in the available data, recommendations for PMRT in patients who have 1 to3 positive axillary nodes and fewer than 10 nodes removed require further study. The NCIC CTG MA20 trial, which stratifies patients according to number of involved nodes and which specifies radiotherapy nodal volumes according to number of nodes removed, may provide future evidence to address this issue.
Correlations between axillary nodal ECE, recurrence risks and survival and whether ECE constitutes an indication for PMRT are also unclear. In the update of the British Columbia trial, crude overall survival rates in the nonirradiated group were poorer among patients who had ECE than among those who did not. This was not the case in the irradiated group. Among all patients who had ECE, PMRT was associated with improved overall survival (level II evidence). 38, 58 Several retrospective studies have demonLocoregional post-mastectomy radiotherapy strated strong correlations between ECE and increasing numbers of positive axillary nodes (level V evidence). [59] [60] [61] [62] [63] Some studies have suggested that it is associated with increased risks of chest-wall relapse rather than isolated nodal relapse 59, 60 and decreased survival, 59 ,61 while others contend that ECE alone is not a significant independent prognostic factor for relapse or survival. 62, 64 With the limited available data, the use of ECE, alone or in combination with other prognostic factors, in making decisions for PMRT remains to be defined.
In summary, although various patient, tumour and treatment characteristics have been suggested to be adverse prognostic factors, the use of these factors to specify clear PMRT recommendations is currently unclear.
Technical considerations of radiotherapy
• PMRT should encompass the chest wall and the supraclavicular, infraclavicular and axillary apical lymph node areas.
The evidence advising the technical aspects of PMRT is limited. Studies reporting patterns of relapse after mastectomy without radiotherapy have demonstrated that the chest wall is the most common site of locoregional relapse (50%-75%) (level III evidence). 40, 41, 64, 65 After axillary dissection, approximately 20%-40% of all locoregional relapses occurred at the supraclavicular and infraclavicular nodal regions. 40, 41, 64, 65 The radiation field used to treat the clavicular nodes generally also encompasses the axillary apex. Based on these relapse patterns, women with indications for PMRT are advised to undergo treatment encompassing the chest wall and the supraclavicular, infraclavicular and axillary apical lymph node areas (level III evidence).
• To reduce the risk of lymphedema, radiation of the entire axilla should not be used routinely after complete axillary dissection of level I and II lymph nodes.
The absolute risk of recurrence in the axilla after complete dissection of level I and II axillary lymph nodes has been estimated to be less than 5% in surgical series (level IV and V evidence). 40, 66, 67 The number of lymph nodes removed may be used as an indicator of the extent of axillary dissection. In an analysis of trials performed by the Eastern Clinical Oncology Group, axillary recurrence decreased from 7% when 5 or fewer nodes were removed to less than 1% when 6 or more nodes were removed (p = 0.0009) (level III evidence). 41 The risk of lymphedema is related to the extent of regional treatment with surgery and radiotherapy. 61, [68] [69] [70] [71] When a single modality is used, the risk of lymphedema is approximately 5%-10% (level V evidence). 68 After axillary dissection, regional radiotherapy limited to the supraclavicular and axillary apical nodes was associated with a 3% risk of lymphedema (level V evidence). 61 Radiotherapy to the entire axilla after dissection of level I and II axillary nodes, however, was demonstrated to substantially increase the risks of lymphedema, chronic arm morbidity and impaired quality of life, especially when 10 or more nodes were removed (level V evidence).
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The low rates of axillary recurrence after level I and II axillary dissection and the increased risks of lymphedema with combined nodal surgery and radiotherapy indicate that radiation of the entire axilla should not be used routinely after complete axillary dissection.
• A definite recommendation regarding the inclusion of the internal mammary lymph nodes in PMRT cannot be made because of limited and inconsistent data.
Internal mammary nodal irradiation is among the most controversial issues in breast cancer management, and the question of its use in PMRT remains unresolved. Rates of internal mammary metastasis in excess of 30% have been reported in older surgical series of women who had axillary node metastases and inner or central primary tumours (level V evidence). 72 Other series have reported lower rates 73, 74 and lesser significance of tumour location 61 (level V evidence). In contrast, several randomized trials have reported low rates of clinically apparent internal mammary recurrence even in the absence of radiotherapy. 36, [75] [76] [77] The effect of internal mammary treatment on survival is unclear. Two randomized trials performed before the era of adjuvant systemic therapy showed no survival difference when internal mammary dissection was performed in addition to radical mastectomy. 76, 77 Although radiation of the internal mammary nodes was used in the Danish and British Columbia trials, its contribution to the observed radiation effect is difficult to quantify. [5] [6] [7] In a trial from Finland, 270 patients who had breast-conserving therapy were randomly allocated to receive breast irradiation with or without internal mammary chain inclusion. The rates of skin reaction and radiation pneumonitis were similar in the 2 groups, but lung fibrosis was more common in the cohort receiving internal mammary treatment (level II evidence). 78 The limited available data thus suggest that the rates of clinically detected relapse in the internal mammary chain are low and that the locoregional control and survival impact of specifically irradiating this region is unclear. Because of the uncertainty of benefit and the potential for increased toxicity (e.g., cardiac), recommendations for the routine incorporation of the internal mammary chain when using PMRT cannot be made.
The question of internal mammary nodal irradiation is being investigated in 2 randomized trials. The European Organization for Research and Treatment of Cancer 22922 trial randomly allocates patients who have node-positive disease or node-negative disease and medial or central tumours to receive radiation of the internal mammary and medial supraclavicular nodal area or no nodal radiation af-ter mastectomy or breast-conserving surgery. Although not directly applicable to the post-mastectomy setting, the Canadian NCIC CTG MA20 study may provide insight into the question of internal mammary nodal irradiation in the era of modern systemic therapy and radiotherapy planning. In this trial, patients who have high-risk disease treated with breast-conserving surgery are randomly assigned to receive standard radiotherapy to the breast, or radiotherapy to the breast and nodal regions including the ipsilateral internal mammary nodes.
• The use of modern techniques in radiotherapy planning is recommended to minimize excessive normal tissue exposure, particularly to the cardiac and pulmonary structures.
Diverse PMRT techniques have been used at different institutions. With the lack of consistent evidence on which to base recommendations on specific PMRT prescription details, general principles in delivering radiotherapy to the target and avoiding excessive exposure of normal tissue must prevail. Modern equipment with megavoltage energy, immobilization devices to ensure patient comfort and reproducibility, and planning techniques to optimize dose homogeneity and minimize radiotherapy to the cardiac and pulmonary structures should be used. [79] [80] [81] The majority of studies that evaluated PMRT used 4500-5000 cGy in 200 cGy fractions. 19 Although more hypofractionated regimens have been used 6 and have recently been shown to be effective after breast-conserving surgery, 82 there remain concerns that the use of hypofractionated regimens for the delivery of regional nodal irradiation may increase risks of late morbidities such as lymphedema and brachial neuropathy.
Adverse effects of radiotherapy
• Common short-term side effects of PMRT, including fatigue and skin erythema, are generally tolerable and not dose-limiting. Severe long-term side effects, including lymphedema, cardiac and pulmonary toxicities, brachial plexopathy, rib fractures and secondary neoplasms, are relatively rare.
The adverse effects of radiotherapy have been detailed in a previous Canadian guideline on radiotherapy after breast-conserving surgery. 82 The common side effects of fatigue and radiation dermatitis are generally transient and well-tolerated. The risks of brachial plexopathy 83, 84 and rib fractures 85 are estimated at less than 2% in older series and are likely even lower with modern PMRT techniques. The risk of secondary neoplasms is also rare and does not constitute a contraindication to PMRT. [86] [87] [88] [89] Lymphedema and radiation pneumonitis may occur more frequently than secondary neoplasms, and cardiac toxicity, although infrequent, is of concern.
Lymphedema
The risk of lymphedema is related to the extent of treatment of the axilla with surgery and radiotherapy. [68] [69] [70] [71] This risk is less than 10% when either treatment modality is used alone 66 or when axillary dissection is followed by irradiation limited to only the supraclavicular nodes and axillary apex. 61 The RCTs employing full axillary irradiation after axillary dissection included the Danish study 70 and the British Columbia study, 9 which reported higher risks of lymphedema with PMRT (9%-14%) than without PMRT (3%). Recommendations regarding the management of lymphedema have been discussed in another Canadian guideline.
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Pulmonary toxicities
Radiotherapy for breast cancer generally includes a portion of the ipsilateral lung underlying the chest wall. This is associated with a risk of clinically apparent pulmonary toxicity of less than 10%. 91, 92 Tamoxifen and various chemotherapy agents have been associated with increased pulmonary side effects with PMRT. [93] [94] [95] [96] Among 1624 women treated with radiotherapy to the breast or chest wall alone or locoregional radiotherapy to the breast or chest wall plus lymph nodes, pneumonitis developed in 3% of patients treated with locoregional radiotherapy and chemotherapy compared with 0.5% in all other patients (p = 0.0001) (level V evidence). 91 Radiation pneumonitis occurred in 8.8% of patients receiving concurrent locoregional radiotherapy and chemotherapy, as compared with 1.3% of patients receiving sequential treatment (p = 0.002). 91 In another study, symptomatic radiation pneumonitis occurred in 4.1% of patients treated with locoregional radiotherapy, as compared with 0.9% of those treated with breast or chest-wall irradiation only (p = 0.02) (level V evidence).
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Cardiac toxicities
The EBCTCG meta-analysis reported that the decrease in breast cancer mortality with radiotherapy was offset by an increase in the rate of death from other causes, predominantly cardiovascular. 4 A population-based study suggested an increased risk of death from myocardial infarction associated with radiotherapy beyond 10 years of follow-up, particularly among women with left-sided breast cancer. 97 Other series, however, did not demonstrate differences in cardiac toxicity according to laterality of radiotherapy. 98, 99 Several studies have suggested that increased cardiovascular toxicities may be related to excess radiation dose and volume to the cardiac structures. A randomized trial from Stockholm, involving 960 women treated with pre-or postoperative radiotherapy compared with mastectomy alone, reported that patients who received the highest doses to the myocardium experienced increased risks of death from ischemic heart disease (relative hazard ratio 3.2, p < 0.05) (level II evidence). 100, 101 Hojris and colleagues 102 reported no
Locoregional post-mastectomy radiotherapy differences in the rates of death from ischemic heart disease and hospital admissions after 12 years of follow-up in the Danish 82b and 82c studies between patients who received radiotherapy and those who did not (0.8% and 0.9%, respectively) when techniques to limit cardiac dose and volume were used (level II evidence). Data defining the optimal dosing and integration of potentially cardiotoxic chemotherapeutic drugs with PMRT are needed. Observations of enhanced cardiac toxicities have been reported among patients treated with high-dose anthracycline-based regimens of 450 mg/m 2 and irradiation, 43 whereas modest 44 to no excess risks 45 were found when lower anthracycline doses were used with radiotherapy.
Sequencing of radiotherapy and systemic therapy
• The optimal sequencing of PMRT and systemic therapy is currently unclear. Regimens containing anthracyclines or taxanes should not be administered concurrently with radiotherapy because of the potential for increased toxicity.
The options in scheduling PMRT and chemotherapy include: sequential (delivery of radiotherapy after completion of all chemotherapy or before the initiation of chemotherapy); concurrent (delivery of radiotherapy at the same time as chemotherapy); or "sandwich" (delivery of chemotherapy before and after radiotherapy). There are little data from randomized clinical trials to address this issue. A variety of approaches to scheduling were used in the trials of PMRT. 19 The single randomized trial directly addressing treatment sequencing showed no survival difference when chemotherapy was delivered before or after radiotherapy among patients treated with breast-conserving surgery (level II evidence). 103, 104 With the lack of data showing clear differences in locoregional control or survival favouring one scheduling approach over another, issues regarding treatment toxicities must also be considered. In the trial comparing anthracycline-based chemotherapy before or after radiotherapy following breast-conserving surgery, sequential chemotherapy and radiotherapy did not adversely affect the risks of cardiac toxicity, cellulitis, arm edema or brachial plexopathy at a median follow-up of 53 months (level II evidence). 103 Several retrospective series have implicated the anthracyclines and taxanes as drugs associated with increased risks of toxicities to normal structures, including the skin, soft tissues, lung and heart, when delivered concurrently with radiotherapy (level V evidence). 46, 93, 94 The optimal sequencing of PMRT and adjuvant endocrine therapy is also unclear. A retrospective analysis of 84 postmenopausal women treated in the prospective randomized Danish study suggested a higher risk of pulmonary fibrosis among women who received concurrent tamoxifen and PMRT than among women who did not receive tamoxifen (OR 2.9, p = 0.007) (level V evidence). 95 Another study reported pulmonary fibrosis in 26 of 74 patients treated with concurrent tamoxifen and PMRT, as compared with 5 of 37 patients treated with PMRT alone (p = 0.01) (level V evidence). 96 The authors hypothesized that tamoxifen may enhance radiation fibrosis by inducing transforming growth factor-beta secretion. 95, 96 In summary, the optimal sequencing of PMRT with systemic therapy remains to be defined. Many centres favour the administration of systemic chemotherapy before locoregional radiotherapy. 82 Concurrent delivery of PMRT in patients receiving anthracycline-or taxane-based regimens is not recommended because of the potential for increased toxicity.
The risks of severe long-term toxicities with PMRT are relatively small but may be increased by excessive radiation dose and volume to the normal structures and by specific systemic agents. These findings support the use of modern techniques in radiation planning to minimize normal tissue exposure [79] [80] [81] and attention to scheduling of chemotherapy and radiotherapy. Competing interests: None declared.
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